Diethylstilbestrol (DES) was selected as a positive control compound to study a new assay for reproductive toxicity testing. The assay, Fertility Assessment by Continuous Breeding, has been used at 2 different testing laboratories. This manuscript describes the results of 1 study and compares the reproducibility of the data from the 2 laboratories. CD-1 mice received a diet with DES at concentrations of 0, 1, 10, and 50 ppb (pg/kg) throughout the study. The treatment began 7 days before cohabitation, and then, for a 14-week period, the mice were housed as breeding pairs, and litters were weighed, sexed, and discarded to allow continuous matings. The males and females were separated at the end of 14 weeks, and the last litter was saved until weaning. The control pairs delivered an average of 4.75 litters per fertile pair, and 95% of the pairs had at least 1 litter. DES in feed at 50 ppb decreased fertility so that only 42% of the pairs were fertile, and the number of litters per fertile pair averaged only 1.38. Litter size and offspring survival were adversely affected by DES (50 ppb) in the diet. Data from the 2 laboratories performing these tests were similar, indicating that the studies were highly reproducible.
INTRODUCTION
HE NATIONAL TOXICOLOGY PROGRAM (NTP) is presently developing and evaluating various new T testing systems in reproductive toxicology. One such test protocol, Fertility Assessment by Continuous Breeding (FACB), is designed to produce d a g similar to other conventional reproductive toxicity testing systems but has incorporated a continupus mating design to increase the reliability of In conventional protocols required by regulatory agencies, males and females are treated separately for 8 to 14 weeks and are mated once or twice.(z.3) The FACB protocol allows multiple matings for each pair during 14 weeks of cohabitation and evaluation of the litters on the day of birth. The females generally deliver 4 to 5 litters each, so that, in addition to noting whether the animals were fertile or infertile, the protocol provides data on fertility with respect to the average number of litters per fertile pair, This parameter can be important in identifying effects where the animals re-fertility evaluation. veal decreased fertility but are not rendered infertile. Such an effect was observed with ethylene glycol monoethyl ether (EGEE) according to the FACB protocol. Ninety percent of the breeding pairs exposed to 1% EGEE were fertile but had an average of only 3.0 litters per pair rather than 4.5 as seen in the corresponding control group. (4) The FACB protocol also provides data on litter size and offspring health just as in conventional multigeneration reproductive toxicity studies.
Fertility of the offspring may also be evaluated in the FACB protocol. At the end of the continuous breeding phase, the females are separated from the males and the last litter is weaned to study the reproductive performance of the offspring. This is similar to the second generation in a 2-generation reproduction study.c5 6 , Furthermore, a crossover mating can be performed to determine whrch sex (or sexes) was affected by the chemical.
The NTP is evaluating this new test system by having z! independent laboratories each run 24 tests under the FACB protocol; 4 of the tests compare interlaboratory variation under the protocol by using the same chemical. This particular study on diethylstilbestrol (DES) was conducted at Environmental Health Research and Testing (EHRT) in Lexington, Kentucky, and the Research Triangle Institute (RTI) conducted a similar study on DES in Research Triangle Park, North Carolina. (7) DES was selected as a positive control that has been shown to affect fertility at low concentrations in 1 he diet.(* 9 , Data from the study performed by EHRT are presented in this manuscript, and the comparative responses at the 2 laboratories are discussed.
METHODS

Chemical
The trans-diethylstilbestrol (DES) used for these studies was obtained by Midwest Research Institute (MRI), Kansas City, Missouri, from the Aldrich Chemical Company, Milwaukee, Wisconsin. Analyses performed at MRI, including functional groulp titration, chromatographic, and spectrophotometric analyses, indicated that the test material was approximately 99% pure and met Uniled States Pharmacopeia (USP) standards for purity.
Animals
COBS Cr1:CD-1, (1CR)BR outbred albino mice (6 weeks of age) were purchased from Charles River Breeding Laboratories, Inc., Kingston, New York. During the quarantine period, 2 males and 2 females were sacrificed, and their sera were evaluated for antibodies against 11 mouse viruses (Microbiological Associates, Inc., Bethesda, Maryland). All sera were negative for viral antibodies. All study animals were individually identified and assigned ito control or DES groups using a stratified randomization procedure based on body weights.
Males and females were group housed by sex in solid bottom polycarbonate cages with stainless steel wire lids, 2 per cage during quarantine and the 1-week premating period. Subsequently, the animals were housed as breeding pairs or individually. At)-Sorb-Dri hardwood bedding (Laboratory Products, Inc., Garfield, New Jersey) was used in all (cages. Distilled water and Purina certified ground rodent chow (No. 5002) were provided ad libitum. Automatically controlled photoperiods were 14 hours light/lO hours dark (lights on 0500 to 1900 hours). Temperature was maintained at 23 + 2°C and relative humidity at 45 + 25%. Cages were sanitized weekly using A33 detergent (Airwick Professional Products Division, Secaucus, New Jersey) and 180°F water.
Protocol
The current FACB protocol consists of 4 phases, for convenience, referred to as tasks 1 through 4. Task 1 is the dose-finding study, task 2 is the continuous breeding phase, task 3 is designed to determine the affected sex, and task 4 involves offspring assessment.
REPRODUCTIVE TOXICITY TESTING AND DES
In the present study, task 1 was not performed, since sufficient information was available in the literature"+"' to select dose levels for task 2. A shipment of 6-week-old CD-1 mice was received, but the male mice in this batch had yellow hair coats and were rejected for the study by the veterinarianin-charge. The vendor replaced the animals. As a result, female mice were quarantined for 5 weeks and male mice for 4 weeks. Since positive effects were observed in task 2, task 3 was performed to determine the affected sex. Considering distinctly positive effects in task 2 and 3, task 4 was not per formed.
Task 2 employed a vehicle control group (40 males and 40 females) and 3 dose groups (20 males and 20 females per group). Eleven-week-old male and female CID-I mice were exposed to the chemical during a 7-day premating period, after which they were randomly paired (1 male: 1 female) within dose groups. Cohabitation was continued for approximately 14 weeks (100 days). Newborn litters were evaluated and discarded during this period. Chemical exposure continued during the 14-week cohabitation period and the 3-week (20 days) segregation period that followed. The 3-week segregation period is incorporated to allow delivery of the final litters and to avoid remating of the dams.
Dosing formulation and analysis (tusk 2)
DES was suspended in corn oil at concentrations of 0.1, 1, and 5 mg DES/kg corn oil. Ten g of each corn oil stock was then mixed with 990 g ground diet using a Patterson-Kelley stainless steel 8quart V-type blender equipped with an intensifier bar. Since DES is photosensitive, 3 stock blends of DES in corn oil were stored in amber bottles in the dark at 5°C. The final concentration of corn oil in the DES and control diets was 1%. Feed jars were changed and cleaned weekly, and excess feed was discarded. Aliquots of the stock blends (1, 10, and 50 mg DES/kg feed) and of each dosage formulation (0, 1, 10, and 50 ppb or pg DES/kg feed) at Weeks 1, 5 , 13, and 18 (dosage formulations) of the study were sent to MRI for routine referee analysis.
Clinical signs, body weights, und feed consumption (task 2 and task 3)
Cage-side observations for clinical signs and litters were made twice daily, and the animals were given a complete physical examination for clinical signs of toxicity at the weekly weighing. Body weights were determined weekly and at necropsy. Feed consumption was measured gravimetrically at weekly intervals.
Fertility and reproductive performance (task 2 and task 3)
During the 14-week cohabitation period and the subsequent 3-week segregation period, the number and proportion of fertile pairs and the number of litters prloduced per breeding pair were determined. In addition, for all litters in task 2 and for the 1 litter per pair in task 3, the number and proportion of live pups, sex of live pups (males/total), and mean body weight of live pups per litter were determined. In particular, the live offspring were sexed, counted, pooled, and weighed by sex. Dead pups were counted but not weighed or sexed. The pups were reinoved from the cage, evaluated, and sacrificed by decapitation. Removing the pups allowed the pairs to breed again at postpartum estrus. For statistical analysis of the data (see below), breeding pairs were classified as fertile if they produced at least 1 pup (dead or alive).
Since adverse effects on fertility and reproduction were noted in the 50 ppb DES group (task 2), task 3 was performed in order to determine whether one or both sexes were affected. Following delivery of the final litter in the 3-week segregation period, the females in the 1 and 10 ppb groups were sacrificed and discarded. The males in the same groups were discarded at the conclusion of the 14week cohabitation period.
To determine the affected sex, the males exposed to 50 ppb DES were randomly paired with control females, and control males were randomly paired with females exposed to 50 ppb DES. In addition, a third group was formed by randomly pairing control males with control females. Breeding pairs were placed on the control diet during the I-7-day cohabitation period. The females were checked each morning for copulatory plugs. Upon detection of a plug or after 7 days (whichever OCcurred first), the male and female were separated and returned to their original diet (i.e., control or 50 ppb DES). The number of positive matings was recorded. During the 3-week period following the 1-week mating trial, the number and proportion of fertile pairs, mean litter size, sex, number and proportion of live pups, and mean pup weight per litter were determined. At the end of task 3, all male and female breeding partners were weighed and then asphyxiated with COz and bled by cardiac puncture. The left testis was removed and weighed with the epididymis intact. Paired ventral prostate and paired seminal vesicle/coagulating glands were removed and weighed and fixed in 10% neutral buffered formalin. The right testis was separated from the epididymis, and both organs were weighed separately. The gonads were fixed in Bouin's fixative.
The right caudal epididymis was excised and weighed, and sperm motility, cauda epididymal sperm counts, and percent abnormal sperm were measured. The right epididymis was separated from the testis and weighed, and the cauda epididymis was clipped and weighed to the nearest 0.1 mg. The cauda epididymis was placed in 2.0 ml of sterile Tyrode's at 37"C, finely minced, and incubated at 37°C for 15 minutes. A drop of sperm suspension then was evaluated for percent motility. Sperm were counted in a hemacytometer after 0.5 ml of the suspension was diluted in 2 ml of Tyrode's, and the sperm were killed by heating the test tube containing the dilution. Sperm morphology was studied: 1.0 ml of the sperm suspension was stained with a drop of 1% eosin Y for 45 minutes, and a drop of the stained sperm suspension was spread on a microscope slide, air-dried, and coverslipped. The morphology was evaluated, and the sperm were classified as normal or abnormal according to the description of Wyrobek and Bruce. (I2)
For females, the intact reproductive tract (ovaries, oviducts, uterus, and upper half of vagina) were excised and weighed. The reproductive tract was preserved in neutral buffered 10% formalin. After removal of the top of the cranium, the entire head (males and females) was placed in 10% formalin in order to fix the brain and pituitary in situ. Subsequently, the brain (cerebrum, cerebellum, and medulla) and pituitary were dissected from the cranium and weighed. The liver was weighed and discarded.
Statistical analysis
Statistical analyses of the data were performed by Program Resources, Inc. (Research Triangle Park, North Carolina), using software wriiten in APL and executed on a NIH DEC 10 computer.
The chi-square test for homogeneity was used to test for the joint equality of the proportion of fertile pairs, the proportion of females with copulatory plugs (positive matings), and the proportion of fecund females among treatment groups. (13) Pairwise comparisons were performed using Fisher's exact test.
The number of litters and the number of live pups per litter were computed on a per fertile pair basis, and treatment group means were determined. The groups were compared overall using the chisquare approximation to the Kruskal-Wallis test. Pairwise comparisons of treatment groups were performed using a normal approximation to the Mann-Whitney U test. (13) To control for the sex of live pups per litter, the analysis was carried out on male and female data combined and separated by sex.
The number of pups born alive over the total number of pups produced by each pair was defined as the proportion of live pups. The sex of live pups was expressed as the proportion of male pups born alive out of the total number of live pups born to each fertile pair. The sex of the pups born dead was not determined. The chi-square approximation to the Kruskal-Wallis test was performed to determine whether differences existed among treatment groups for the proportion of live pups and the sex of live pups (males/total) per litter. The normal approximation to the Mann-Whitney U test was used to make pairwise comparisons. (13) The Kruskal-Wallis and Mann-Whitney U tests also were used to test for among-group and pairwise differences in average live pup weight per litter. In addition, an analysis of covariance was performed for average live pup weight per litter with treatment group as the classification variable and average number of live and dead pups per litter (task 2) or number of live and dead pups per litter REPRODUCTIVE TOXICITY TESTING AND DES (task 3) as the covariate. Least squares treatment group means were generated from the analysis of covariance, and these were tested for pairwise equality using a one-tailed t test. (14) To control for sex of live offspring, both nonparametric and parametric analyses were performed for male and female data combined and separated by sex.
An analysis of variance was used to determine whether the 50 ppb DES-exposed and combined control group female body weights differed significantly. The chi-square approximation to the Kruskal-Wallis test was employed to determine whether differences existed between the 50 ppb DESexposed and combined control group organ weights. The overall comparisons made with the chisquare and F distributions were 2-sided, whereas the pairwise comparisons made with the normal and t distributions were 1-sided. A P value less than 0.05 was required for significance: if the P value was less than 0.01, it was indicated for emphasis.
RESULTS
Analysis of feed formulations (task 2)
The intended concentrations of DES in the diet were 0, 1, 10, and 50 pg DES/kg diet (ppb). The diet was analyzed at weeks 1, 5, 13, and 18 to determine the actual concentrations of DES in the diet (Table 1 ). The mean of the determined concentrations ranged from 77 to 89% of the target concentration. Taking into consideration the extremely low levels being prepared, the results indicate adequate mixing of the dosed feed blends. 
Clinical signs and mortality (task 2 and 3)
There was no apparent effect of DES on feed consumption, body weight gain, clinical signs of toxicity, or mortality at any of the dose levels. Only 1 animal of 200 died during task 2. This animal was in the 50 ppb group, and the data on reproduction and fertility from that pair were excluded from the analysis.
Fertility of breeding pairs (task 2)
The most general indicator of fertility in this test system is the number of pairs to produce at least 1 litter ( Table 2 ). In the control group 38 of 40 breeding pairs had at least 1 litter, for a fertility rate 177 LAMB ET AL. 
Reproductive performance of fertile pairs (task 2)
The severe effects of DES on fertility in the 50 ppb group were further demonstrated by the difference in number of litters per fertile pair, which was 4.76 in controls to 1.38 in treated animals ( Table   3 ). The other 2 dose groups were unaffected by the exposure. Also, the number of live pups per litter and proportion of pups born alive were significantly lower with 50 ppb DES in the diet. Female pup weight was significantly increased in the 50 ppb group compared to controls, but male or combined pup weights were not statistically significant. The greater pup weight was probably due to the decrease in the number of pups per litter. DES treatment at 50 ppb significantly delayed delivery of litter(s), as illustrated by data in Talble 4. Cumulative days to lst, 2nd, 3rd, 4th, and 5th litters for control breeding pairs were 22, 43, 63, 84, and 104, respectively. The corresponding values for animals exposed to 50 ppb DES were 34,74, and 104, for lst, 2nd, and 3rd litters, respectively. None of these animals delivered a 4th litter.
Mating and fertility of pairs after a mating triar' to determine the affected sex (task 3)
During the task 3 crossover mating study, 20 control males were reassigned as cagemates with 20 control females. Similarly, 20 control males were cohabited with 20 females from the 50 ppb group, and 20 males treated with 50 ppb DES were cohabited with control females ( Table 5 ). The cr0s:jover mating demonstrated that the fertility of both sexes was affected but that the fertility of the females was more affected by the exposure to DES than was that of the males. Fertility dropped from 60% fertile matings in the control group, after a 7-day mating trial, to 21% in the group cohabiting the treated females with the control males. The percent fertile matings for the 50 ppb males and control females was 42%, but the decrease was not statistically significant.
Reproductive performance after a mating trial to determine the affected sex (task 3)
Significant decreases were seen in the number of live pups per litter and the proportion of pups born alive to females given diet containing 50 ppb DES mated to control males compared to control 0.52 f 0.017 (20)
1.60 f 0.021 (20)
i.56 f 0.020 (20)
1. Treatment  TI  T2  T3  T4  T5 0 PPb pairs ( Table 6 ). The live pups per litter and proportion of pups born alive were lower in the group where the males receiving 50 ppb DES were mated with control females compared to controls, but the differences were not significant.
Body weight and organ weights (task 3)
Female ( Table 7) and male ( 
Gross and histopathologic evaluation (task 3)
No adverse effects were seen on the morphology of the ovaries, uterine horns, vagina, or pituitary in female mice or in the testes, epididymides, seminal vesicles, prostate, or pituitary of the male mice.
DISCUSSION
DES, at 50 ppb in the diet, produced adverse effects on fertility, the number of litters per fertile pair, and the number of live pups per litter for breeding pairs of CD-1 mice. These parameters were affected in both the study described in this manuscript and in the parallel study performed at the Re- 
Variablea
Control 50 P P~ affected in the 1 and 10 ppb DES groups compared to the control group at either laboratory. The percent of pairs that had at least 1 litter was 95-100% in the 0, 1, and 10 ppb DES groups in both studies, whereas at 50 ppb DES, the percent of pairs to have 1 or more litters dropped to 42% (8119) in this (EHRT) study and 47% (9/19) in the other (RTI) study. The number of litters per fertile pair, which is a unique measure of fertility in the continuous breeding study, ranged from 4.65 to 4.76 in the 0, 1, and 10 ppb DES groups at both laboratories but was only 1.38 litters per pair in this study and 1.22 in the RTI study.
The number of live pups per litter was significantly decreased in the 50 ppb groups at both laboratories. At EHRT, the mean live pups per litter was 12.16 in the control group, 10.82 in the 10 ppb group, and 4.40 in the 50 ppb group, and the difference at 10 ppb was significant. At RTI, the mean live pups per litter dropped from 11.58 for the control to 10.80 for the 10 ppb group and 2.61 for the 50 ppb group, but the difference between the control and the 10 ppb group was not significant. The EHRT study did not show a significant increase in the live pup weight in the 50 ppb group, but an increase in live pup weight seen in the RTI study was significant.
Considering the normal variations within biological models for reproductive toxicity, (Is1 the FACB results are remarkably similar in the 2 laboratories. Fertility is generally one of the more variable and, therefore, less reliable endpoints in reproductive toxicity testing systems, but it is also one of the most relevant functions in modeling potential adverse effects of cheaicals on reproductive function in humans. Thus, it is important to try to improve fertility evaluations. The results from the 2 laboratories indicate that fertility data can be collected in a reproducible manner, and the FACB protocol provides a sensitive indicator of reproductive toxicity. Previous studies demonstrated that measuring the number of litters per pair within a finite period of time can increase the capability of the testing system to discriminate effects on fertility. ( 4 ) The results of the crossover matings were similar at both laboratories. In both studies, fertility, the number of live pups per litter, and the proportion of pups born alive were significantly lower in the control male and treated (50 ppb DES) female group than in controls, but were not significantly lower in the treated male and control female group.
